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This is a Librar~ Circulating Cop~ which rna~ be borrowed for two wee~s. For a personal retention cop~, call I. latroductioa Over the last several· years there has been much interest in the electron-hole liquid 1 (EHL) in stressed Ge and Si. A· primary motivation for this interest is the fact that the. band structure of Ge (Si) simplifies considerably under infinite uniaxial <Ill> ( <001 >) compression, thus making theories more tractable. From the experimental point of view, properties of the EHL for infinite stress must of course be inferred from measurements at finite stress. There is also considerable interest in the variation of EHL properties with stress at moderate stresses, where the band structure is more complex than for either zero or infinite stress.
Th~ ;::perimental probe most widely used to study electron-hole liquids is the characteristic (near-infrared) luminescence emitted as electron-hole pairs recombine. 1 ·Another experimental probe, less widely used, is the far-infrared plasma absorption of the electrons and holes. t In both types of experiment a proper lineshape analysis requires a description of the structure of the valence bands. This is particularly true at intermediate stresses, where the bands interact strongly. An accurate description of the valence bands may be conveniently obtained through the use of appropriately defined masses. 2 For example, the luminescence lineshape uses a density-of-states mass, while the plasma absorption lineshape uses a plasma or optical mass. In stressed Ge or Si these masses are functions of both energy E and stress u, but the dependences are not separate: m(E, u) = m(E/u). ·
In this paper we present calculations of local and integrated density-of-states masses as well as longitudinal and transverse optical mass components for the valence bands of Ge and Si stressed along each of the principal crystallographic directions <001>, <110>, and <111>.
The local density-of-states masses for < 111 >-stressed Ge have been published previously 3 and are repeated here for completeness. Liu 4 showed partial results for an energy-dependent integrated density-of-states mass for two values of < 111 > stress in Ge and <001 > stress in Si, apparently not recognizing the scaling relation. Kirczenow and Singwi 5 gave results for a quantity related to an integrated density-of-states mass averaged over both b~nds, for < 111 > 
where CTkJm is the stress along the <kim> crystallographic direction and the Cij are stiffness constants. 15 Values for the inverse-mass band parameters, deformation potentials, and stiffness.
constants for Ge and Si are listed in Table I . Also given is the energy splitting Es~l = 21 Eu I between the IMJI = 1/2 and 3/2 bands at k=o, normalized by the stress, for each of the --principal stress directions. Note that compressional stresses are negative and are expressed in kgffmm 2 , where 1 kgf = 9.80665 Newton.
Consider next the density of states for a single band of carriers: (3) where the integration is performed over solid angle on the k-space surface wi~h energy E. H the band is parabolic, E(k) = ~::; for a density-of-states mass md, then Eq. (3) reduces to a well-known simple form:
H the band is not parabolic, the nonparabolicity can be taken into account by. writing
Thus the nonparabolicity may be described via an energy-dependent local density-of-states mass:
This local density-of-states mass should be used for calculations of any quantities involving the density of states at finite temperature, 7 • 9 such the EHL luminescence lineshape (see Section IV). For example, the number of carriers N is given by
where EF(T) is the Fermi energy at temperature T.
For T=O such integrals simplify, as the Fermi function becomes a step function. In this case it is convenient to introduce a second density-of-states mass. For example, Eq. (6) becomes (7) s where the integrated density-of-states mass is defined by:
Of course, for a parabolic band mdiat(E) = mdfoc:(E) = constant.
For calculations involying the dielectric function, optical or conductivity masses should be used. 16 These have been defined by Lax and Mavroides 17 as follows, for a single band:
Here n = N/V is the number of carriers per unit volume; i and j are crystal coordinates x, y, and z, which are along (100) directions; and the integration is again performed over the k-space surface with energy E. Transverse and longitudinal mass components can be defined, with respect to the stress direction, for stresses along the primary crystallographic .directions: For the <001> and <111> directions motl = mot2• while for the <110> direction these transverse components differ. An overall transverse mass is defined via
The above components are combined to give the optical mass for band IMJI:
The overall hole optical mass m 0 h is obtained from the individual band optical masses, as follows: (13) where ~ nJM,I = n. IM,I
Finally, note that for infinite stress the valence bands become ellipsoidal and thus can be completely characterized by longitudinal and transverse components. For the valence band dispersion given by Eq. (1), the mass components reu~~: to the following simple forms: -·--Local and integrated density-of-states masses were calculated versus E' for the IMJI = 1/2 and 3/2 bands using Eqs. (5) and (8). The results for stresses along the principal ciystallographic directions <001>, <110>, and <111> are shown in Fig. 1 forGe and in Longitudinal and transverse components of the IMJI = 1/2 and 3/2 optical masses were also calculated, using Eqs. (9) It may be anticipated from the figures that it is important to include the energy dependences of the masses at stresses beyond the stress at which the IMJI = 3/2 band becomes depopulated.
An example is given in the next section. /kgf, which is well below the value -Es':,J u = 0.272 meV nim 2 /kgf for this stress direction (see Table 1 ). Thus the stress is well above the critical stress required to depopulate the IMJI = 3/2 band.
In the absence of information about the energy dependence of the bole density-of-states mass it would seem reasonable to fit an experimental spectrum for such a high stress to a spectrum calculated using the infinite-stress mass. The dashed curve in Fig. 5 was calculated in that way, with the density adjusted to give the same linewidth ~E = 6.8 meV. In this case El = 3.74 meV, E~ = 8.15 meV, and t.he density n = 3.79 X 10 17 cm-3
• With the incorrect use of the infinite~stress bole mass the density is underestimated in this example by nearly 1/3.
even though the stress is high enough to depopulate the IMJI = 3/2 band. If the infinite-stress mass is used to fit a spectrum for a lower stress the deduced density will have a larger error. 
